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(54) Gas-actuated stages including reaction-force-canceling mechanisms for use in 
charged-particle-beam microlithography systems 



(57) Stage devices are disclosed that include gas- 
actuation and reaction-force-canceling mechanisms. In 
an embodiment, an X-axis moving guide (5) extending 
in the X direction engages a lower stage (11) via a gas 
bearing. Y-axis sliders (7) (movable elements) are pro- 
vided at both ends of the X-axis moving guide. A Y-axis 
fixed guide (8) engages each Y-axis slider via a gas 



bearing. Each Y-axis slider and respective fixed guide 
constitute a respective pneumatic actuator. Respective 
mounting members (9,12) are provided near the ends 
of each fixed guide, with interposed gas bearings, and 
each fixed guide is slidably affixed to a base plate. An 
actuator for stroke correction is provided in association 
with each mounting member. 
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Description 
Field 

[0001] This disclosure pertains generally to micro- 
lithography methods and apparatus in which a charged 
particle beam such as an ion beam or electron beam is 
used for transferring a pattern to a suitable substrate. 
More specifically, the disclosure pertains to stage mech- 
anisms for use in acharged-particle-beam (CPB) micro- 
lithography apparatus and in other apparatus that in- 
clude a CPB optical system. In a CPB microlithography 
apparatus, the stage mechanisms are used for accu- 
rately and precisely positioning an object such as a ret- 
icle and/or lithographic substrate while imparting mini- 
mal disturbances to magnetic fields in the apparatus and 
suppressing reactive forces resulting from stage move- 
ments. 

Background 

[0002] M icrolithography is a key technique used in the 
manufacture of microelectronic devices such as semi- 
conductor integrated circuits, displays, and microma- 
chines. Currently, most microlithography is performed 
optically, using a beam of deep ultraviolet light. Howev- 
er, with the relentless demand for increased circuit den- 
sity and smaller pattern linewidth, the inability of optical 
microlithography to continue to provide adequate pat- 
tern resolution is now quite apparent. Hence, much ef- 
fort currently is being expended to develop a practical 
"next generation" microlithography apparatus offering 
substantially finer pattern resolution. 
[0003] In microlithography in general, the minimum 
obtainable pattern linewidth is a function of the wave- 
length of the lithographic energy beam. Hence, to obtain 
smaller linewidths, the wavelength of the energy beam 
has had to be correspondingly reduced. In optical mi- 
crolithography, the smallest wavelengths currently be- 
ing used are produced by excimer lasers (150-250 nm). 
These wavelengths can resolve pattern linewidths in the 
range of 0.18 to 0.25 urn. Pattern resolution can be en- 
hanced slightly, without reducing the wavelength, by 
controlling the beam-propagation atmosphere and em- 
ploying certain techniques such as phase shifting and 
polarization control. 

[0004] CPB microlithography, on the other hand, of- 
fers prospects of resolving pattern linewidths of about 
70 nm, which substantially exceeds the resolution ob- 
tainable using excimer-laser wavelengths. However, 
even with CPB microlithography, achieving this level of 
performance will require that extreme measures be 
adopted to control extraneous influences on the 
charged particle beam that otherwise compromise the 
achievable pattern resolution. 

[0005] In any type of microlithography apparatus, in- 
cluding CPB microlithography apparatus, it is necessary 
to move at least the lithographic substrate during expo- 



sure of each die on the substrate. In apparatus that 
project a pattern from a reticle, it also is necessary to 
move the reticle, usually in synchrony with movements 
of the substrate. Such controlled movements typically 
5 are made using a "stage." The currently favored actua- 
tor for a stage in a microlithography apparatus is an elec- 
tromagnetic linear motor, which is capable of achieving 
extremely accurate positioning and movements, as well 
as high movement velocity, required for performing mi- 
10 crolithography of fine patterns. For obtaining highly ac- 
curate data regarding stage position, high-resolution la- 
ser interferometers typically are used. The actuators al- 
so include rigid, non -contacting air bearings to guide 
movements of the stage in the X and Y directions with 
essentially zero friction. Such stages can provide a po- 
sitioning accuracy of a few nanometers. 
[0006] In an electron-beam microlithography appara- 
tus (as an exemplary CPB microlithography apparatus) 
the electron beam can be deflected in the electron-op- 
tical system at high velocity. These deflections can be 
made in real time to enable the electron-optical system 
to correct stage-position errors. As a result of this capa- 
bility, stage-position accuracy can be relaxed some- 
what, on the order of a few micrometers. 
[0007] A problem with using any type of electromag- 
netic actuator (e.g., linear motor) in a CPB optical sys- 
tem is that energization of the actuator generates fluc- 
tuating magnetic fields as the actuator moves. Any mag- 
netic field has an effect on the trajectory of the charged 
particle beam in the CPB optical system. The sensitivity 
of the beam to magnetic fields is so exquisite that even 
a slight fluctuation in the magnetic field in the vicinity of 
the beam causes an unpredictable deflection and aber- 
ration of the beam, with a corresponding adverse effect 
on exposure accuracy and resolution. 
[0008] In addition, whenever the actuator moves the 
stage, a reaction force is generated in accordance with 
Newton's third law. The reaction force tends to be trans- 
mitted to the support structure of the microlithography 
apparatus, causing a corresponding vibration of the 
structure. These vibrations also are transmitted to the 
CPB optical system where they can cause placement 
errors of the transferred pattern and loss of contrast. 
[0009] Conventional approaches to reducing these vi- 
brations involve diversion of the vibrations to the floor 
or the like using a shock absorber that operates as a 
lowpass filter. Also, anti-vibration mechanisms based on 
the principle of conservation of momentum are utilized, 
such as disclosed in U.S. Patent No. 5,815,246. Unfor- 
tunately, these various approaches are insufficient. 

Summary 

[001 0] In view of the foregoing, the present invention 
provides, inter alia, stage devices that minimize mag- 
netic-field disturbances of the charged particle beam, 
while more completely suppressing reaction forces due 
to stage actuation, thereby increasing the accuracy of 
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stage-position control. 

[0011] According to a first aspect of the invention, 
stage devices are provided. An embodiment of a stage 
device includes a base, a stage supported in a non-con- 
tacting manner relative to the base, and a pneumatic 
actuator. The pneumatic actuator is situated relative to 
the stage and base and is configured, whenever the 
pneumatic actuator is actuated by application of a gas 
pressure thereto, to move the stage relative to the base 
in a stage-movement direction so as to place the stage 
at a desired position relative to the base. The pneumatic 
actuator comprises (a) a moving element linked to the 
stage and a fixed element that supported in a non-con- 
tacting manner relative to the base, and (b) a momen- 
tum-conservation mechanism by which the fixed ele- 
ment can be driven as a counter mass in a direction op- 
posite to the stage-movement direction in response to 
a driving-reaction force of the stage as applied to the 
moving element. The subject stage device can be, for 
example, a reticle stage or a substrate stage, for use in 
a charged-particle-beam (CPB) microlithography appa- 
ratus. 

[0012] Another embodiment of a stage device in- 
cludes a base, a stage, an X-direction driver, and a Y- 
direction driver. The stage is supported in a non-con- 
tacting manner relative to the base. The X-direction driv- 
er comprises a respective pneumatic actuator that is sit- 
uated relative to the stage and base so as to move the 
stage in the X direction relative to the base. Similarly, 
the Y-direction driver comprises a respective pneumatic 
actuator that is situated relative to the stage and base 
so as to move the stage in the Y direction relative to the 
base. Each pneumatic actuator comprises (a) a respec- 
tive moving element linked to the stage side, (b) a re- 
spective fixed element supported in a non-contacting 
manner relative to the base, and (c) a momentum-con- 
servation mechanism by which the respective fixed el- 
ement can be driven as a counter mass in a direction 
opposite to the stage-movement direction in response 
to a driving-reaction force of the stage as applied to the 
respective moving element. In this embodiment each 
fixed element desirably is supported in a non-contacting 
manner relative to the base by a respective gas bearing 
comprising a differential exhaust mechanism. Further- 
more, each fixed element can include a respective ac- 
tuator for correcting a stroke of the respective fixed el- 
ement. 

[0013] According to another aspect of the invention, 
microlithography apparatus are provided that comprise 
at least one stage device as summarized above. The 
microlithography apparatus generally can include an il- 
lumination-optical system and a projection-optical sys- 
tem situated downstream of the illumination-optical sys- 
tem. The stage device(s) in such apparatus can be a 
reticle stage and/or a substrate stage. 
[0014] According to another aspect of the invention, 
methods are provided, in the context of holding an object 
on a stage relative to a base, for moving and positioning 



the object (while being held on the stage) relative to the 
base. An embodiment of such a method comprises link- 
ing the stage to the base by a pneumatic actuator com- 
prising a moving element linked to the stage and a fixed 

5 element linked to the moving element. The fixed ele- 
ment is supported in a non -contacting manner relative 
to the base. The stage is driven pneumatically so as to 
undergo movement in a stage-movement direction rel- 
ative to the base. In response to a driving -reaction force 

10 of the stage as applied to the moving element in re- 
sponse to driving the stage, the fixed element is driven 
as a counter mass in a direction opposite to the stage- 
movement direction. Desirably, the fixed element is driv- 
en pneumatically. 

15 [001 5] In another embodiment of a method, the stage 
is linked to the base by an X-direction pneumatic actu- 
ator and a Y-direction pneumatic actuator. The X-direc- 
tion pneumatic actuator comprises a respective moving 
element linked to the stage and a respective fixed ele- 

20 ment linked to the respective moving element, wherein 
the respective fixed element is supported in a non-con- 
tacting manner relative to the base. The Y-direction 
pneumatic actuator comprising a respective moving el- 
ement linked to the stage and a respective fixed element 

25 linked to the respective moving element, wherein the re- 
spective fixed element is supported in a no n -contacting 
manner relative to the base. The X-direction pneumatic 
actuator and Y-direction pneumatic actuator are driven 
as required to move the stage in respective X and Y 

30 stage-movement directions in an XY plane relative to 
the base. In response to a driving-reaction force of the 
stage as applied to the moving element in response to 
moving the stage, the fixed elements are driven (e.g., 
pneumatically) as respective counter masses in respec- 
ts tive directions opposite to the stage-movement direc- 
tions. 

[0016] In the methods and devices summarized 
above that achieve movement and positioning of the 
stage in the XY plane, by configuring the X- and Y-di- 
40 rection actuators as pneumatic actuators rather than 
electromagnetic actuators, the problem of magnetic- 
field fluctuations especially near a charged particle 
beam is eliminated. 

[0017] Conventionally, stage structures capable of 
45 movement in both the X and Y directions tend to be large 
and massive. Hence, reaction forces acting on the fixed 
elements in such devices also tend to be large. In meth- 
ods and devices as summarized above, the stage and 
the fixed element(s) are supported relative to the base 
so plate in respective non-contacting manners. As a result, 
the respective fixed elements serve as respective coun- 
ter masses. This prevents the reaction forces, generat- 
ed as the stage is being driven, from being transmitted 
outside the stage, even if the structure of the stage is 
55 relatively large. 

[0018] In any of the devices summarized above, each 
fixed element desirably is supported relative to the base 
plate in a non-contacting manner. This desirably is 
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achieved using respective air bearings equipped with 
differential exhaust mechanisms. A gas bearing has ex- 
tremely low contact resistance and creates almost no 
magnetic fields. Consequently, gas bearings (as used 
in the stage devices described herein) are superior from 5 
the standpoints of both stage controllability and absence 
of harmful effects on a nearby CPB optical system. Also, 
providing each gas bearing with a respective differentia! 
exhaust mechanism reduces air leakage, thereby allow- 
ing the stage devices to be used in a vacuum chamber. 10 
[0019] Further with respect to the stage devices dis- 
closed herein, the moving elements (e.g., air sliders) 
linked to the stage desirably are supported by respective 
non-contacting gas bearings (each having a respective 
differential exhaust mechanism) relative to the respec- . is 
tive fixed element. 

[0020] When the stage devices as disclosed herein 
are used in a vacuum environment where air resistance 
does not exist, the principle of conservation of momen- 
tum operates almost perfectly. 20 
[0021] The foregoing and additional features and ad- 
vantages of the invention will be more readily apparent 
from the following detailed description, which proceeds 
with reference to the accompanying drawings. 

25 

Brief Description of the Drawings 
[0022] 

FIG. 1 is a plan view of a stage device according to 30 
a first representative embodiment. 

FIG. 2 is a schematic elevational view of a charged- 
particle-beam (specifically electron-beam) micro- 
lithography apparatus including at least one stage 
device according to the invention. 

FIG. 3 is an oblique view of a gas bearing as used 
in the various embodiments of stage devices dis- 
closed herein, with a portion of the bearing shown *o 
pivoted upward to reveal underlying detail. This gas 
bearing is described in connection with the first rep- 
resentative embodiment. 

FIG. 4 is an elevational section showing exemplary <s 
details of a pneumatic actuator as used in the vari- 
ous embodiments of stage devices disclosed here- 
in. This pneumatic actuator is described in connec- 
tion with the first representative embodiment. 

so 

FIG. 5 is a transverse section of an exemplary 
mounting member and associated fixed guide, as 
described in connection with the first representative 
embodiment. 

55 

FIG. 6 is a plan section showing details of a pneu- 
matic actuator as used for stroke correction, as de- 
scribed in connection with the first representative 



embodiment. 

FIG. 7 is a plan view of the stage device of the first 
representative embodiment, showing exemplary 
stage movements. 

FIG. 8 is a plan view of a stage device according to 
a second representative embodiment. 

FIG. 9 is a sectional view along the line C-C in FIG. 
8. 

FIG. 1 0 is a sectional view along the line A-A in FIG. 
9. 

FIG. 11 is a sectional view along the line B-B in FIG. 
10. 

FIG. 12 is a plan view of the stage device of the 
second representative embodiment, showing ex- 
emplary stage movements. 

FIG. 13 is a plan view of a stage device according 
to a third representative embodiment. 

FIG. 1 4 is a sectional view along the line D-D in FIG. 
13. 

FIG . 1 5 is a plan view of the stage device of the third 
representative embodiment, showing exemplary 
stage movements. 

Detailed Description 



[0023] As discussed above, the fixed element of an 
electromagnetic actuator creates a strong magnetic 
field, particularly if the fixed element is a magnet. As a 
result, in a conventional stage device configured for use 
in a charged-particle-beam (CPB) microlithography ap- 
paratus, movement of the fixed element relative to the 
CPB column should be minimized as much as possible. 
To meet this requirement, the fixed element convention- 
ally is rigidly attached to a base plate or the like so as 
to reduce magnetic fluctuations. 
[0024] On the other hand, it also is necessary to sup- 
press transmission of vibrations to the CPB column dur- 
ing movement of the stage device. To such end, the fixed 
element should be attached to the base plate in a man- 
ner by which reaction forces are minimized or avoided 
as much as possible. This poses a contradiction: wheth- 
er to attach the fixed element to the base plate rigidly or 
with some degree of flexibility. 

[0025] To solve this problem, stage devices according 
to the invention utilize non-electromagnetic actuators for 
producing stage motions. This allows the actuators to 
be made of non-magnetic and electrically non-conduc- 
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ttve materials, thereby eliminating the problem of mag- 
netic-field fluctuations. 

[0026] During stage movements, stage devices ac- 
cording to the invention experience reaction forces on 
fixed elements. The magnitude of such a reaction force 
is substantially equal to the magnitude of the respective 
stage-propulsion force acting on the movable element 
linked to the stage. In stage devices as disclosed herein, 
the stage and fixed elements are coupled to each other 
and to a base plate in a non-contacting manner. Conse- 
quently, the principle of conservation of momentum acts 
between the stage and the fixed elements, and drive 
forces and reaction forces tend to cancel each other. 
Hence, stage reaction forces generated during stage 
driving are not transmitted outside the stage, in this in- 
stance, the driving fixed element plays the role of a 
counter mass. 

[0027] The non-magnetic actuators used in the stage 
devices disclosed herein desirably are pneumatic actu- 
ators (akin to air cylinders). Pneumatic actuators are 
conventionally regarded as inferior in responsiveness 
and positioning accuracy. However, high-accuracy po- 
sition control is achieved with the stage devices dis- 
closed herein by use of high-resolution position sensors 
(laser interferometers), lower mass movable parts, and 
wider-band servos. Hence, stage devices as disclosed 
herein exhibit levels of performance that are sufficient 
for use in modern CPB microlithography systems. 
[0028] In the present stage devices in which reaction 
forces are exploited in accordance with the principle of 
conservation of momentum, consideration is given to 
mass ratio of the "moving" element versus the associ- 
ated "fixed" element. Consideration also is given to the 
movable stroke of the moving element. For example, if 
the mass ratio of the moving element and fixed element 
is large, then a small movement of the fixed element is 
sufficient to cancel the reaction force. On the other hand, 
if the mass ratio must be limited to an extent dictated by 
the actual design constraints of the stage device, then 
corresponding minima are imposed on the movement 
of the fixed element. Hence, desirably, the stage device 
is configured to prevent the stroke of the fixed element 
from being excessively large. If the fixed element is re- 
turned to its original state by a separate driving means 
(e.g., actuator for stroke correction) during non-expo- 
sure periods in which system vibrations can be accom- 
modated (wherein the principle of conservation of mo- 
mentum acts only during exposures), then the stroke of 
the fixed element can be made small. Here, too, the ac- 
tuator for stroke correction utilizes pressure of air (or 
other suitable gas) to effect the respective motions. 
[0029] The invention is described below in the context 
of representative embodiments, which are not intended 
to be limiting in any way. 

[0030] Reference is made first to FIG. 2 in the follow- 
ing description of acharged-particle-beam (CPB) micro- 
lithography (exposure) apparatus. The FIG. -2 embodi- 
ment utilizes an electron beam as the lithographic ener- 



gy beam; however, It will be understood that the general 
principles of the apparatus are equally applicable to use 
of another type of charged particle beam, such as an 
ion beam. The apparatus 1 00 of FIG. 2 includes at least 
5 one stage device such as any of the embodiments de- 
scribed later below. 

[0031 ] The apparatus of FIG. 2 comprises a "CPB col- 
umn" 101 and a wafer chamber 121 situated down- 
stream of the optical column 101. The CPB column 1 01 

10 is connected to and evacuated to a predetermined vac- 
uum level by a vacuum pump 1 02. At the extreme up- 
stream end of the CPB column 101 is an electron gun 
103 that emits an electron beam that propagates in a 
downstream direction (downward in the figure) along an 

15 optical axis Ax. Situated downstream of the electron gun 
103 are, in sequence, a condenser lens 104, a beam 
deflector 105, and a reticle M. The condenser lens 104 
and beam deflector 1 05 constitute an "illumination -opti- 
cal system" configured to illuminate selected regions of 

20 the reticle M. 

[0032] The electron beam emitted from the electron 
gun 1 03 is converged by the condenser lens 1 04 on the 
surface of the reticle M. The entire reticle M is not illu- 
minated at the same instant. Rather, the reticle M is di- 

25 vided into exposure units termed "subfields" each defin- 
ing a respective portion of the reticle pattern. The sub- 
fields are illuminated sequentially by the beam. To such 
end, the beam is sequentially deflected in the appropri- 
ate lateral direction in a scanning manner by the beam 

30 deflector 105. Thus, each subfield of the reticle is 
brought to within the optical field of the illumination-op- 
tical system and illuminated for exposure. 
[0033] The reticle M is secured to a chuck 1 1 0 mount- 
ed on an upstream-facing surface of a reticle stage 111 . 

35 The chuck 110 holds the reticle by, e.g., electrostatic at- 
traction. The reticle stage 111 is supported on and 
moves relative to a base plate 116. 
[0034] A reticle-stage actuator 112, shown in the fig- 
ure on the left side of the CPB column 101 , is operably 

40 connected to the reticle stage 111. The reticle-stage ac- 
tuator 112 is connected to a controller 115 via a driver 
114. The reticle stage 111 also is provided with at least 
one laser interferometer ("IF") 113. The laser interfer- 
ometer 113 is connected to the controller 115. Accurate 

45 data regarding the position of the reticle stage 111 are 
obtained by the laser interferometer 1 1 3 and input to the 
controller 115. Based on these data, commands are 
routed from the controller 115 to the driver 114, which 
energizes the actuator 112 accordingly. Thus, the posi- 

50 tion and movements of the reticle stage 111 are feed- 
back-controlled accurately and in real time. 
[0035] The wafer chamber 121 is situated down- 
stream of the base plate 116. The wafer chamber 121 
defines a space that is evacuated to a desired vacuum 

55 level by a vacuum pump 122 connected to the wafer 
chamber 121. Situated inside the wafer chamber 121 
are components of a "projection-optical system" such 
as a condenser lens 1 24 and deflector 1 25. Also located 



5 



3NSDOC1D: <EP 1211560Al_l_> 



9 



EP1 211 560 A1 



10 



within the wafer chamber 121 is a lithographic substrate 
(termed herein a "wafer") W. 

[0036] Portions of the electron beam that pass 
through the reticle M thus acquire an aerial image of the 
illuminated portion of the reticle M, and hence are 
termed a "patterned beam." The patterned beam is con- 
verged by the condenser lens 124 and deflected by the 
deflector 1 25 as required to form an image, correspond- 
ing to the aerial image, at a desired location on the up- 
stream-facing surface of the wafer W. 
[0037] During exposure the wafer W is secured to a 
chuck 130 mounted on the upstream-facing surface of 
a wafer stage 1 31 . The wafer W is held to the chuck 1 30 
by, e.g., electrostatic attraction. The wafer stage 131 is 
supported by and is movable relative to a base plate 
136. 

[0038] The wafer stage 1 31 is driven by a wafer-stage 
actuator 132, shown in the figure at the left of the wafer 
chamber 121, operably connected to the wafer stage 
131 . The wafer-stage actuator 132 is connected to the 
controller 115 via a driver 134. The wafer stage 131 is 
provided with at least one laser interferometer 133 that 
is connected to the controller 115. The laser interferom- 
eter 133 obtains accurate positional data concerning the 
wafer stage 131 . These data are input to the controller 
115. Based on these data, the controller 1 1 5 routes com- 
mands to the driver 1 34, which energizes the actuator 
132 accordingly. Thus, the position and movements of 
the wafer stage 131 are feedback-controlled accurately 
and in real time. 

[0039] Representative embodiments of stage devices 
are described below in the context of utilizing any of the 
stage devices in a charged-particle-beam (CPB) micro- 
lithography apparatus such as the apparatus of FIG. 2. 
However, it will be understood that the stages are not 
limited to use with a CPB micro lithography apparatus. 
The stages also can be used for positioning of an object 
in any of various other systems. Furthermore, the stage 
devices are not limited to use in a vacuum environment. 
They can be used in an ambient-atmosphere environ- 
ment, for example. 

First Representative Embodiment 

[0040] A first representative embodiment of a stage 
device 1 is depicted in FIG. 1 , which provides a plan 
view of the stage device 1 mounted on a base plate 2. 
The stage device 1 corresponds, for example, to the wa- 
fer stage 131 in the apparatus 100 of FIG. 2. Hence, the 
base plate 2 corresponds to the base plate 136 shown 
in FIG. 2. 

[0041] A platform 10 is situated in the center of the 
stage device 1 . The platform 1 0 extends in the X-Y plane 
as shown, and comprises a lower stage 1 1 and an upper 
stage 17. The lower stage 11 and upper stage 17 are 
coupled together by leaf springs or similar fasteners. Al- 
though not shown in the figure, a wafer holder such as 
an electrostatic chuck is mounted to the "upper" surface 



of the upper stage 17. The wafer W is mounted to the 
chuck. 

[0042] The lower stage 1 1 is movably mounted to an 
X-axis moving guide 5, extending in the X direction, via 

5 a gas bearing (described later with reference to FIG. 3). 
The ends of the X-axis moving guide 5 are mounted to 
respective Y-axis sliders ("moving" elements) 7 that are 
configured to slidably move in the Y direction on respec- 
tive Y-axis fixed guides 8. The fixed guides 8 are "fixed" 

10 relative to the corresponding "moving" sliders 7. Each 
Y-axis fixed guide 8 extends in the Y-axis direction and 
engages the respective Y-axis slider 7 via respective 
gas bearings (described later with reference to FIG. 4). 
Also, each Y-axis slider 7 with its respective fixed guide 

*5 8 includes a respective pneumatic actuator (not detailed 
in FIG. 1 but discussed later below). The ends of the 
fixed guides 8 are mounted to the base plate 2 via re- 
spective mounting members 9, 12. As described later 
below with reference to FIGS. 5 and 6, respective non- 
20 contacting gas bearings are situated between the ends 
of the fixed guides 8 and the respective mounting mem- 
bers 9, 1 2. Also, as described later below with reference 
to FIG. 6, a respective stroke-correction actuator (in- 
cluding a spool valve 1 3) is associated with each mount- 

25 ing member 12. 

[0043] The upper stage 1 7 is movably mounted to a 
Y-axis moving guide 5', extending in the Y direction, via 
a gas bearing (described later with reference to FIG. 3), 
The ends of the Y-axis moving guide 5* are mounted to 

30 respective X-axis sliders ("moving" elements) 7' that are 
configured to slidably move in the X direction on respec- 
tive X-axis "fixed" guides 8'. The fixed guides 8' are 
"fixed" relative to the corresponding "moving" sliders 7'. 
Each X-axis fixed guide 8' extends in the Y-axis direction 

35 and engages the respective X-axis slider 7' via respec- 
tive gas bearings (described later with reference to FIG. 
4). Also, each X-axis slider T with its respective fixed 
guide 8' includes a respective pneumatic actuator (not 
detailed in FIG. 1 but discussed later below). The ends 

40 of the fixed guides 8' are mounted to the base plate 2 
via respective mounting members 9', 12\ As discussed 
later below with reference to FIGS. 5 and 6, respective 
non-contacting gas bearings are situated between the 
ends of the fixed guides 8' and the respective mounting 

45 members 1 2'. Also, as discussed later below with refer- 
ence to FIG. 6, a respective stroke-correction actuator 
(including a spool valve 13') is associated with each 
mounting member 12'. 

[0044] An exemplary gas bearing is shown in FIG. 3, 
so depicting the lower stage 1 1 as engaged with the X-axis 
moving guide 5. In FIG. 3, the "upper" portion 11a of the 
lower stage is shown pivoted upward to reveal underly- 
ing detail. Although the depicted gas bearing has a de- 
sired configuration, it will be understood that the depict- 
55 ed configuration is exemplary only, and that any of var- 
ious other configurations of gas bearings alternatively 
can be used. Although the bearings are discussed in the 
context of using air as the bearing gas, it will be under- 
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stood that any of various other gases can be used. Also, 
it will be understood that, whereas only one gas bearing 
is detailed in FIG. 3, the lower stage 11 rides relative to 
the X-axis moving guide 5 on four identical gas bearings, 
wherein a respective gas bearing is associated with 
each of the four sides of the lower stage facing the X- 
axis moving guide 5. 

[0045] The depicted gas bearing of FIG. 3 includes 
two air pads 51 each made of a porous material. The air 
pads 51 are defined in the "sliding surface" 11s of the 
upper portion 11a, and are located near respective edg- 
es of the sliding surface. Extending longitudinally be- 
tween the air pads is an air-supply groove 51c defined 
in the sliding surface 11s. Also defined in the sliding sur- 
face 11s and surrounding the air pads and air-supply 
groove 51c are an atmospheric-venting guard "ring" 52, 
a low-vacuum guard "ring" 53, and a high-vacuum guard 
"ring" 55. Each of the "rings" is actually a respective 
channel or groove defined in the sliding surface 11s. The 
atmospheric-venting guard ring 52 vents air, discharged 
from the air pads 51 , to an external site, and the low- 
vacuum guard ring 53 scavenges air, discharged from 
the air pads but not removed by the atmospheric-venting 
guard ring 52, to a low-vacuum pump (not shown). The 
high-vacuum guard ring 55 scavenges any remaining 
air, not otherwise scavenged by the rings 52, 53, to a 
high-vacuum pump (not shown). Each of the guard rings 

52, 53, 55 desirably has respective semicircular ends, 
with respective straight longitudinal channels connect- 
ing the respective ends. The system of guard rings 52, 

53, 55 associated with each gas bearing provides the 
respective gas bearing with a "differential exhaust 
mechanism." 

[0046] Each gas bearing includes respective conduits 
for conducting air to the air pads 51 and conducting 
scavenged air from the guard rings 52, 53, 55. The con- 
duits are defined inside the lumen of the X-axis moving 
guide 5. For example, respective high-vacuum exhaust 
conduits 55a extend in the longitudinal direction from the 
upper left and lower right of FIG. 3. Respective low-vac- 
uum exhaust conduits 53a are defined around a portion 
of each respective high-vacuum exhaust conduit 55a 
and extend parallel to the respective high-vacuum ex- 
haust conduit 55a in the longitudinal (X) direction. Re- 
spective atmospheric-venting conduits 52a are defined 
around a portion of each respective low-vacuum ex- 
haust conduit 53a and extend parallel to the respective 
low-vacuum exhaust conduits 53a in the longitudinal di- 
rection. A gas-supply conduit 51 a occupies the remain- 
der of the lumen of the X-axis moving guide 5, and thus 
also extends in the longitudinal direction. The X-axis 
moving guide 5 also defines holes 51b, 52b, 53b, 55b 
situated at about midlength (in the X direction) and ex- 
tending through the thickness dimension of the X-axis 
moving guide 5. The holes 51b, 52b, 53b, 55b provide 
respective connections between the conduits 51 a, 52a, 
53a, 55a and the respective groove and guard rings 51 c, 
52, 53, 55. Because the respective center portions of 
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the groove 51c and of each guard ring 52, 53, 55 are 
straight, each hole 51 b, 52b, 53b, 55b does not become 
disconnected from the respective groove and guard ring 
51c, 52, 53, 55 with movement of the lower stage 11 in 

5 the X direction relative to the X-axis moving guide 5. 
Consequently, air supply, venting, and exhaust of gas 
from the gas bearing is continuous. 
[0047] As air is supplied from the air-supply conduit 
51 a to the air-supply groove 51 c, air is discharged from 

10 the air pads 51. The discharged air enters the atmos- 
pheric-venting guard ring 52 and is discharged to the 
external atmosphere (outside the wafer chamber) via 
the atmospheric-venting conduit 52a. Gas leaking from 
the atmospheric-venting guard ring 52 is scavenged by 

is the low-vacuum guard ring 53 and is exhausted via the 
low-vacuum exhaust conduit 53a. Any remaining gas 
enters the high-vacuum guard ring 55 and is exhausted 
via the high-vacuum exhaust conduit 55a. This arrange- 
ment provides efficient and thorough scavenging of gas 

20 released from the gas bearing, thereby preventing the 
gas from leaking into the wafer chamber 121 , which is 
maintained at a high vacuum. 

[0048] The general configuration of a pneumatic ac- 
tuator is described with reference to FIG. 4, which de- 

25 picts an exemplary pneumatic "chamber" 33 defined by 
the Y-axis slider 7 and the Y-axis fixed guide 8. The 
pneumatic chamber 33 is defined by hollowed-out re- 
gions of the Y-axis slider 7 surrounding a respective re- 
gion of the Y-axis fixed guide 8. The pneumatic chamber 

30 33 is flanked by air pads 51 defined in all four respective 
sliding surfaces of the Y-axis slider 7. Surrounding each 
air pad 51 is a respective atmospheric-venting guard 
ring 52. On each sliding surface of the Y-axis slider, the 
two air pads 51 with their respective atmospheric-vent- 

35 jng guard rings 52 are surrounded by a low-vacuum 
guard ring 53 and a high-vacuum guard ring 55. The air 
discharged from the air pads and discharged into the 
pneumatic chamber 33 is exhausted via the guard rings 
52, 53, 55. Hence, substantially no air leaks out into the 

40 wafer chamber, which is kept at a high vacuum. 

[0049] The pneumatic chamber 33 is divided into two 
portions 33a, 33b by a partition plate 31 attached at 
about the center of the Y-axis fixed guide 8. The partition 
plate 31 extends in the XZ plane and has a defined thick- 

45 ness. As the partition plate 31 is disposed in the pneu- 
matic chamber 33, a small gap exists between the distal 
edge of the partition plate 31 and the inner wall of the 
pneumatic chamber 33. The pneumatic-chamber por- 
tions 33a, 33b are supplied by gas by respective gas 

so passages 35 that extend longitudinally inside the Y-axis 
fixed guide 8 and open into the respective portion near 
the partition plate 31 . The gas is supplied to the passag- 
es 35 from an external source via the mounting mem- 
bers 9, 12. By regulating the respective gas pressures 

55 supplied to the pneumatic-chamber portions 33a, 33b, 
the slider 7 can be driven in the Y direction relative to 
the Y-axis fixed guide 8. (Although not shown in FIG. 4, 
the Y-axis fixed guide 8 also includes respective con- 
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duits for supplying gas to the air pads 51 and for con- 
ducting away gas scavenged by the guard rings 52, 53, 
55.) 

[0050] Details of a mounting member 9 (to which an 
end of the Y-axis fixed guide 8 is engaged in the manner 
shown in FIG. 1) are shown in FIG. 5. As shown, a re- 
spective air pad 51 is defined in each interior surface 
(upper, lower, left, and right in the figure) of the mounting 
member 9. Surrounding each air pad 51 are, in se- 
quence, a respective atmospheric-venting guard ring 
52, a respective low-vacuum guard ring 53, and a re- 
spective high-vacuum guard ring 55. In the manner dis- 
cussed earlier above, air discharged from each air pad 
51 is scavenged by the respective guard rings 52, 53, 
55, thereby preventing any substantial leaking of air into 
the wafer chamber, which is kept at a high vacuum. 
Thus, the Y-axis fixed guides 8 are mounted in the re- 
spective mounting members 9 in a manner such that the 
corresponding fixed portions of the respective pneumat- 
ic actuators are slidably supported with no physical con- 
tact and substantially zero frictional resistance relative 
to the base plate 2. 

[0051] Details of a stroke-correction actuator are de- 
scribed with reference to FIG. 6. The depicted stroke- 
correction actuator includes a spool valve 1 3. The spool 
valve 1 3 is mounted to a side of the respective mounting 
member 12. The respective end of the Y-axis fixed guide 
8 is situated relative to the mounting member 12 in the 
manner shown. As can be discerned from the figure, the 
mounting member 12 and Y-axis fixed guide 8 define a 
respective gas "chamber" 43 for performing stroke cor- 
rection. 

[0052] The pneumatic chamber 43 is defined as an 
interiorly hoi lowed-out region, in a respective sliding sur- 
face of the mounting member 12, adjacent the spool 
valve 13. Gas conduits 44a, 44b extend through the 
mounting member 12 from respective portions 43a, 43b 
of the pneumatic chamber 43 to the spool valve 13. Con- 
nected to the spool valve 13 are a supply conduit 45a 
for supplying gas and exhaust conduits 45b, 45c for ex- 
hausting gas. 

[0053] Defined on the sliding surfaces are air pads 51 
that are configured in the same manner as those shown 
in FIG. 5. Respective air pads 51 are provided adjacent 
each pneumatic-chamber portion 43a, 43b. Each air 
pad 51 is surrounded by a respective atmospheric-vent- 
ing guard ring 52, a respective low-vacuum guard ring 
53, and a respective high-vacuum guard ring 55, which 
scavenge air discharged from the respective air pad 51 . 
Thus, substantially no air from the air pads 51 leaks into 
the wafer chamber, which is kept at a high vacuum. 
[0054] A partition plate 46 extends in the X direction 
into the pneumatic chamber 43 from the Y-axis fixed 
guide 8. The partition plate 46 has a plate-like configu- 
ration, extending in the XZ plane and having a defined 
thickness. A defined gap exists between the distal end 
of the partition plate 46 and the opposing interior surface 
of the mounting member 1 2. Thus, the partition plate 46 



divides the pneumatic chamber 43 into the portions 43a, 
43b. By contro llably manipulating the spool valve 1 3 and 
regulating the pressure of gas supplied to the pneumat- 
ic-chamber portions 43a and 43b, the Y-direction posi- 
5 tion (stroke) of the Y-axis fixed guide 8 is corrected. 
[0055] By way of example, FIG. 7 depicts certain as- 
pects of movement of the stage device 1 as the upper 
and lower stages 11, 17, respectively, are driven in the 
negative X and Y directions. During such driving of the 
10 stages 1 1 , 1 7 the sliders 7, 7' are moved in the XY plane 
by corresponding actuations of respective pneumatic 
actuators (see FIG. 4). In FIG. 7 the slider 7 slides in the 
negative Y direction, and the slider 7' slides in the neg- 
ative X direction (note arrows). As a result of these mo- 
ts tions, respective reaction forces are applied to the fixed 
guides 8, 8' in respective directions opposite the move- 
ment directions of the sliders 7, 7'. As discussed above, 
the fixed guides 8, 8' are mounted to the base plate 2 
via gas bearings in the respective mounting members 
20 9, 12 and 9', 12' (see FIGS. 5 and 6). These mountings 
allow the fixed guides 8 to slide reactively in the positive 
Y direction and the fixed guides 8' to slide reactively in 
the positive X direction (note arrows in FIG. 7). These 
reactive sliding motions of the fixed guides 8, 8' effec- 
ts tively cancel the reaction force of the sliders 7, 7'. Thus, 
the fixed guides 8, 8' collectively provide a momentum- 
conservation mechanism (counter mass) for the stage 
device. 

[0056] After being moved reactively as described 
30 above, the fixed guides 8, 8' are returned to their respec- 
tive original positions by controlled manipulations of the 
spool valve 13 (FIG. 6) whenever exposure scanning is 
not occurring. 

35 Second Representative Embodiment 

[0057] A second representative embodiment of a 
stage device is depicted in FIGS. 8 and 9. In this em- 
bodiment the stage platform is supported and moved on 

40 one moving guide. The moving guide is configured to 
bridge two sliders that slide along the Y axis. In FIGS. 
8 and 9, the stage device 61 is mounted on a base plate 
2 that corresponds to the base plate 136 in FIG. 2. The 
stage device 61 includes a movable platform 62 config- 

45 ured as a hollow box. A wafer table 63 configured to hold 
a wafer W is mounted to the upstream -facing surface of 
the platform 62. Although not shown, the wafer W actu- 
ally is mounted to the wafer table 63 by a wafer-holding 
device such as an electrostatic chuck. At least two sides 

50 (X side and Y side) of the wafer table 63 are provided 
with respective "moving mirrors" 64a, 64b. The moving 
mirrors 64a, 64b have respective surfaces that are high- 
ly polished to serve as respective reflective surfaces for 
the laser interferometer 133 (FIG. 2). 

55 [0058] The platform 62 is mounted via a gas bearing 
(not shown in FIG. 8) to an X-axis moving guide 65 that 
extends in the X direction. The platform 62 and the X- 
axis moving guide 65 collectively define a respective 
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pneumatic actuator (see FIG. 4). The platform 62 Is driv- 
en In the X direction by controllably applying differential 
gas pressures across a partition plate in the pneumatic 
actuator inside the X-axis moving guide 65. 
[0059] Respective yokes 66 are mounted to the ends 
of the X-axis moving guide 65. Each yoke 66 defines 
four respective parallel slider-engagement members 67 
oriented away from the platform 62. Respective sliders 
(movable elements) 68, 69 (described later with refer- 
ence to FIG. 1 0) having a conforming stepped structure 
engage the four slider-engagement members 67 of 
each yoke 66 via respective gas bearings (not shown). 
A spool valve 71 is provided at the "upper and "lower" 
surfaces of the slider 68. The spool valve 71 serves to 
correct the X-direction position (stroke) of the X-axis 
moving guide 65 (described later with reference to FIG. 
11). 

[0060] Respective Y-axis fixed guides 73, each ex- 
tending in the Y direction, engage the sliders 68, 69 via 
respective gas bearings (not shown). Each slider 68 and 
its respective fixed guide 73 define a respective pneu- 
matic actuator (see FIGS. 4 and 10). The fixed guides 
73 are mounted to the base plate 2 via mounting mem- 
bers 74, 75 provided near respective ends of each fixed 
guide 73. Between each end of each fixed guide 73 and 
the respective mounting member 74, 75 is a respective 
gas bearing (see FIGS. 5 and 6). Thus, each fixed guide 
73 is slidably mounted to the base plate 2. A respective 
spool valve 76 is associated with each mounting mem- 
ber 75. 

[0061] Further details of this representative embodi- 
ment are depicted in FIGS. 1 0 and 1 1 . FIG. 1 0 is a sec- 
tion along the line A-A in FIG. 9, thereby providing de- 
tails of the slider 68, and FIG. 11 is a section along the 
line B-B in FIG. 1 0. The slider 68 is engaged with the Y- 
axis fixed guide 73 at about the median of the fixed guide 
73. The slider 68 and fixed guide 73 define a respective 
pneumatic actuator (not shown, but see FIG. 4). The 
slider defines four stepped portions 68a each engaging 
a respective slider-engagement member 67 with an in- 
tervening gap. Each such gap is established by two re- 
spective air pads 51 defined in each surface of the re- 
spective stepped portion 68a facing the respective slid- 
er-engagement member 67 (FIG. 10 depicts only one 
air pad 51 on each facing surface of each stepped por- 
tion 68a). Gas discharged from the air pads 51 enables 
the respective slider-engagement members 67 to move 
with substantially zero friction relative to the slider 68. 
Surrounding each air pad 51 are, in sequence, a respec- 
tive atmospheric-venting guard ring 52, a respective 
low-vacuum guard ring 53, and a respective high-vacu- 
um guard ring 55. Thus, air from the air pads is effec- 
tively scavenged to avoid leakage of the air into the wa- 
fer chamber, which is kept at a high vacuum. 
[0062] FIG. 1 1 depicts details of a pneumatic actuator 
(for stroke correction) situated between the slider 68 and 
opposing slider-engagement members 67. The drawing 
depicts two pneumatic actuators 83 situated at the "top" 



of the slider 68. It will be understood that two additional 
pneumatic actuators are situated at the "bottom" of the 
slider 68, yielding a total of four. Hence, whereas the 
following description is directed to the "upper" pneumat- 

5 ic actuators, it will be understood that the "lower" pneu- 
matic actuators have similar configurations. 
[0063] Referring to FIG. 1 1 , each pneumatic actuator 
83 is defined in a respective hollowed-out region in a 
respective stepped portion 68a of the slider 68. Each 

10 pneumatic actuator 83 is served by respective gas con- 
duits 82a, 82b extending through the body of the slider 
68. The gas conduits 82a, 82b extend from the respec- 
tive pneumatic actuator 83 to the respective spool valve 
71 (see FIGS. 8-10). 

15 [0064] Each pneumatic actuator 83 is flanked by re- 
spective air pads 51 (FIG. 5). Surrounding each air pad 
51 are, in sequence, a respective atmospheric-venting 
guard ring 52, a respective low-vacuum guard ring 53, 
and a respective high-vacuum guard ring 55. Air dis- 

20 charged from the pneumatic actuator 83 and respective 
air pad is scavenged by the respective guard rings. As 
a result, substantially no air leaks into the wafer cham- 
ber, which is kept at a high vacuum. 
[0065] Each pneumatic actuator 83 includes a re- 

25 spective partition plate 81 attached to and extending 
from a respective location on the respective slider-en- 
gagement member 67 toward the respective stepped 
portion 68a. Each partition plate 81 is configured as a 
plate extending in the YZ plane and having a defined 

30 thickness. The partition plate 81 extends into the re- 
spective pneumatic actuator 83 with a gap between the 
distal edge of the partition plate 81 and the opposing 
interior wall of the pneumatic actuator 83. Thus, the par- 
tition plate 81 effectively divides the respective pneu- 

35 matic actuator 83 into two chamber portions 83a, 83b. 
By manipulating the spool valve 71 in a controlled man- 
ner, the differential pressure of gas in the chamber por- 
tions 83a, 83b is controlled in a manner causing a de- 
sired movement of the slider-engagement member 67 

40 relative to the slider 68. Thus, the X-direction position 
(stroke) of the slider-engagement member 67 is correct- 
ed. 

[0066] FIG. 12 is a plan view showing exemplary 
movements when driving the stage device of this sec- 
45 ond representative embodiment. Specifically, FIG. 12 
depicts movements of the stage device 61 whenever the 
platform 62 (FIG. 8) is driven in the negative X and Y 
directions. 

[0067] Whenever the platform is driven in the X direc- 
50 tion, the pneumatic actuator associated with the plat- 
form 62 and the X-axis moving guide 65 is driven, caus- 
ing the platform 62 to slide in the negative X direction. 
This motion imposes a reactive force on the X-axis mov- 
ing guide 65 and slider-engagement members 67 in the 
55 opposite direction. As noted above, the X-axis moving 
guide 65 is supported by the slider 68 via respective gas 
bearings (FIG. 1 0). Hence, in FIG. 1 2 the X-axis moving 
guide 65 slides in the positive X direction, which cancels 
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the reactive force of the platform 62. Thus, the X-axis 
moving guide 65 provides a momentum-conservation 
mechanism (counter mass). 

[0068] Whenever the stage platform 62 is being driv- 
en in the Y direction, the respective pneumatic actuators 
associated with the sliders 68, 69 and the fixed guide 
73 are driven (FIG. 10). In FIG. 12 the platform 62 and 
sliders 68, 69 slide in the negative Y direction. This mo- 
tion imposes a reactive force on the fixed guide 73 in 
the opposite direction. As noted above, the sliders 68, 
69 are supported by the fixed guide 73 via respective 
gas bearings (FIG. 1 0). Hence, in FIG. 12 thefixed guide 
73 slides in the positive Y direction, which cancels the 
reactive force on the platform 62. Thus, the fixed guide 
73 provides a momentum-conservation mechanism 
(counter mass). 

[0069] The positions of the X-axis moving guide 65 
and the fixed guide 73 after being moved by the reactive 
forces are returned to their respective original positions 
by controlled manipulations of the spool valves 71 , 76 
(FIG. 8) whenever exposure scanning is not occurring. 

Third Representative Embodiment 

[0070] A third representative embodiment of a stage 
device is shown in FIGS. 13-15. In this embodiment the 
subject stage device can be used as a reticle stage. FIG. 
13 shows the subject stage device 141 mounted on the 
base plate 116 (FIG. 2). The stage device 141 corre- 
sponds to the reticle stage 111 in the apparatus of FIG. 
2. Even though the stage device 1 41 is an exemplary 
reticle stage, most of the stage device 141 is configured 
similarly to the stage device 61 of the second represent- 
ative embodiment. Hence, components that are similar 
to respective components in the second representative 
embodiment have the same respective reference nu- 
merals and are not described further below. 
[0071] Referring to FIG. 13, a movable platform 142 
having a defined thickness is situated at about the mid- 
dle of the stage device 141 . A reticle table 143 is mount- 
ed to the upstream-facing surface of the platform 142. 
In the center of the reticle table 1 43 and platform 1 42 a 
through-hole, extending in the Z direction, is defined to 
provide a propagation path for the exposure beam. Al- 
though not shown in FIG. 1 3, a reticle holder (e.g., elec- 
trostatic chuck or the like) is mounted to the upstream- 
facing surface of the reticle table 143. The reticle M is 
mounted to the reticle holder. Respective moving mir- 
rors 144a, 144b are mounted along at least two sides of 
the reticle table 1 43. The moving mirrors 1 44a, 1 44b are 
highly polished and are used as reflective surfaces for 
the laser interferometer 113 shown in FIG. 2. 
[0072] As shown in FIG. 14, two "cylinders" 146 ex- 
tend in the X direction beneath the platform 142. En- 
gaged with each cylinder 146 is a respective X-axis 
moving guide (fixed element) 145. Between the engage- 
ment surfaces (extending in the X direction in FIG. 14) 
of each cylinder and moving guide 145 are respective 



gas bearings (not shown). Each X-axis moving guide 
145 has a rectilinear transverse (YZ) profile, with an 
open center. A yoke 66 (FIG. 8) is attached to each end 
of the X-axis moving guide 1 45. 

5 [0073] A pneumatic actuator such as that shown in 
FIG. 4 is associated with each cylinder 146 and the re- 
spective portion of the X-axis moving guide 145 extend- 
ing in the X direction. The platform 142 is driven in the 
X direction by controllably applying differential pres- 

10 sures to the pneumatic actuators inside each cylinder 
146. 

[0074] FIG. 15 is a plan view showing certain details 
associated with driving the stage device according to 
this third representative embodiment. By way of exam- 

15 pie, driving in the negative X and Y directions is illustrat- 
ed. Whenever the platform 1 42 is driven in the X direc- 
tion, the respective pneumatic actuator constituted by 
the cylinder 146 and the respective portion of the X-axis 
moving guide 145 extending in the X direction is actu- 

20 ated. In FIG. 15, the platform 142 is shown sliding in the 
negative X direction. This motion causes a reactive 
force to be applied to the X-axis moving guide 145 and 
slider-engagement member 67 in the direction opposite 
the movement direction of the platform 142. Since the 

25 X-axis moving guide 145 is fixed by the slider 68 with 
interposed respective gas bearings (FIG. 10), in FIG. 15 
the X-axis moving guide 1 45 reactively slides in the pos- 
itive X direction. Thus, the reactive force of the stage 
1 42 is canceled. In this instance the X-axis moving guide 

30 145 acts as a momentum-conservation mechanism 
(counter mass). 

[0075] Whenever the platform 62 is driven in the Y di- 
rection, the fixed guide 73 acts as a momentum-conser- 
vation mechanism (counter mass) in the same manner 

35 as in the stage device 61 shown in FIG. 8. 

[0076] As understood from the foregoing, the various 
stage devices according to the invention minimize mag- 
netic-field disturbances, suppress reaction forces due 
to stage motions, and thus provide controlled stage po- 

40 sitions with increased accuracy. 

[0077] Whereas the invention has been described in 
connection with multiple representative embodiments, 
it will be understood that the invention is not limited to 
those embodiments. On the contrary, the invention is in- 

45 tended to encompass all alternatives, modifications, 
and equivalents as may be included within the spirit and 
scope of the invention, as defined by the appended 
claims. 

50 

Claims 

1 . A stage device, comprising: 

55 a base; 

a stage supported in a non-contacting manner 

relative to the base; and 

a pneumatic actuator situated relative to the 



10 



NSDOCf Ch<EP 121156QA1 I > 



19 



EP1 211 560 A1 



20 



stage and base and configured, whenever the 
pneumatic actuator is actuated by application 
of a gas pressure thereto, to move the stage 
relative to the base in a stage-movement direc- 
tion so as to place the stage at a desired posi- 
tion relative to the base, the pneumatic actuator 
comprising (a) a moving element linked to the 
stage and a fixed element that supported in a 
non-contacting manner relative to the base, 
and (b) a momentum-conservation mechanism 
by which the fixed element can be driven as a 
counter mass in a direction opposite to the 
stage-movement direction in response to a 
driving-reaction force of the stage applied to the 
moving element. 

The stage device of claim 1 , configured as a reticle 
stage for a charged-particle-beam microlithography 
apparatus. 

The stage device of claim 1 , configured as a sub- 
strate stage for a charged-particle-beam micro- 
lithography apparatus. 

A stage device for moving and positioning a stage 
in an XY plane, comprising: 

a base; 

a stage supported in a non-contacting manner 
relative to the base; 

an X-direction driver comprising a respective 
pneumatic actuator situated relative to the 
stage and base so as to move the stage in the 
X direction relative to the base; 

a Y-direction driver comprising a respective 
pneumatic actuator situated relative to the 
stage and base so as to move the stage in the 
Y direction relative to the base; and 

each pneumatic actuator comprising (a) a re- 
spective moving element linked to the stage 
side, (b) a respective fixed element supported 
in a non-contacting manner relative to the base, 
and (c) a momentum-conservation mechanism 
by which the respective fixed element can be 
driven as a counter mass in a direction opposite 
to the stage-movement direction in response to 
a driving-reaction force of the stage applied to 
the respective moving element. 

The stage device of claim 4, wherein each fixed el- 
ement is supported in a non-contacting manner rel- 
ative to the base by a respective gas bearing com- 
prising a differential exhaust mechanism. 
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6. The stage device of claim 4, wherein each fixed el- 
ement comprises a respective actuator for correct- 
ing a stroke of the respective fixed element. 

7. A microlithography apparatus, comprising a stage 
device as recited in claim 1 . 

8. A charged-particle-beam microlithography appara- 
tus, comprising: 

an illumination-optical system; 
a projection-optical system situated down- 
stream of the illumination-optical system; and 
a stage device, comprising (a) a base, (b) a 
stage supported in a non -contacting manner 
relative to the base, and (c) a pneumatic actu- 
ator situated relative to the stage and base and 
configured, whenever the pneumatic actuator 
is actuated by application of a gas pressure 
thereto, to move the stage relative to the base 
in a stage-movement direction so as to place 
the stage at a desired position relative to the 
base, the pneumatic actuator comprising (i) a 
moving element linked to the stage and a fixed 
element that supported in a non -contacting 
manner relative to the base, and (ii) a momen- 
tum-conservation mechanism by which the 
fixed element can be driven as a counter mass 
in a direction opposite to the stage-movement 
direction in response to a driving-reaction force 
of the stage applied to the moving element. 

9. The apparatus of claim 8, wherein the stage device 
is configured as a reticle stage. 

10. The apparatus of claim 8, wherein the stage device 
is configured as a substrate stage. 

11. A microlithography apparatus, comprising a stage 
device as recited in claim 4. 



12. A charged-particle-beam microlithography appara- 
tus, comprising: 

an illumination-optical system; 

a projection-optical system situated down- 
stream of the illumination-optical system; and 

a stage device, comprising (a) a base, (b) a 
stage supported in a non-contacting manner 
relative to the base, (c) an X-direction driver 
comprising a respective pneumatic actuator sit- 
uated relative to the stage and base so as to 
move the stage in the X direction relative to the 
base, and (d) a Y-direction driver comprising a 
respective pneumatic actuator situated relative 
to the stage and base so as to move the stage 
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in the Y direction relative to the base, wherein 
each pneumatic actuator comprises (i) a re- 
spective moving element linked to the stage 
side, (ii) a respective fixed element supported 
in a non-contacting manner relative to the base, 
and (iii) a momentum-conservation mechanism 
by which the respective fixed element can be 
driven as a counter mass in a direction opposite 
to the stage-movement direction in response to 
a driving-reaction force of the stage applied to 
the respective moving element. 
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pneumatically actuating the X-direction pneu- 
matic actuator and Y-direction pneumatic actu- 
ator as required to move the stage in respective 
X and Y stage-movement directions in an XY 
plane relative to the base; and 
in response to a driving-reaction force of the 
stage as applied to the moving element in re- 
sponse to moving the stage, driving the fixed 
elements as respective counter masses in re- 
spective directions opposite to the stage-move- 
ment directions. 



13. The apparatus of claim 12, wherein the stage de- 
vice is configured as a reticle stage. 

14. The apparatus of claim 12, wherein the stage de- 
vice is configured as a substrate stage. 



1 8. The method of claim 1 6, wherein the fixed elements 
are driven pneumatically. 
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15. In a method for holding an object on a stage relative 
to a base, a method for moving and positioning the 
object, while being held on the stage, relative to the 
base, the method comprising: 



20 



linking the stage to the base by a pneumatic 
actuator comprising a moving element linked to 
the stage and a fixed element linked to the mov- 
ing element, the fixed element being supported 
in a non-contacting manner relative to the base; 
pneumatically driving the stage to move in a 
stage-movement direction relative to the base; 
and 

in response to a driving-reaction force of the 
stage as applied to the moving element in re- 
sponse to driving the stage, driving the fixed el- 
ement as a counter mass in a direction opposite 
to the stage-movement direction. 
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16. The method of claim 15, wherein the fixed element 
is driven pneumatically. 

17. I n a method for holding an object on a stage relative 
to a base, a method for moving and positioning the 
object, while being held on the stage, relative to the 
base, the method comprising: 

linking the stage to the base by (a) an X-direc- 
tion pneumatic actuator comprising a respec- 
tive moving element linked to the stage and a 
respective fixed element linked to the respec- 
tive moving element, the respective fixed ele- 
ment being supported in a non-contacting man- 
ner relative to the base, and (b) a Y-direction 
pneumatic actuator comprising a respective 
moving element linked to the stage and a re- 
spective fixed element linked to the respective 
moving element, the respective fixed element 
being supported in a non-contacting manner 
relative to the base; 
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